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THE ROLE OF SCIENCE INSTITUTIONS 
IN OUR CIVILIZATION’ 


By Dr. WILLIAM D. COOLIDGE 
VICE-PRESIDENT AND DIRECTOR OF RESEARCH, GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y. 


Mr. President, Members of the Board of Directors 
of Ursinus Colley’, Members of the Faculty, Members 
of the Student Body, Dr. Pfahler, Ladies and Gen- 
tlemen: 

WE are met here to-day to dedicate this new temple 
mf science—to dedicate it to the service of mankind 
and to give it a name—a name worthy of the inspiring 
tradition which shall with the years grow up around it. 

In our evaluation of the importance of this event 
we are more in danger of under- than over-estimation. 
We can, of course, judge the future only by the past. 
m 50 let us think of the consequences of similar occasions 

Which have already taken place. To mention only a 


= Founders’ Day address at the dedication of the 
; Pfahler Hall of Science, Ursinus College, October 13. 


few examples drawn from the field of physical and 
chemical science : 

Once upon a time there was doubtless a dedication 
ceremony for the physies institute of the University 
of Wurzburg, and it was in that laboratory that 
Roentgen later discovered the x-rays and published 
his results in a series of papers which have had so 
profound an influence on science and on our civiliza- 
tion. It is of course the man rather than the institu- 
tion to whom we give most of the credit. The facet 
remains, however, that the institution attracted him 
and he was, perhaps unconsciously, inspired by its 
traditions. 

In the same way consider the importance of the 
founding of the Royal Institution, where Faraday did 
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his work on electromagnetic induction; and of the 
Albany Academy, where Joseph Henry made his great 
contributions in this same field. Our whole electrical 
industry is based on the work of these two men. Here 
again, although we give most of the credit to the men, 
as before, we can well question whether they would 
have had this same tremendous influence in our civili- 
zation had not others before them created and dedi- 
cated to science the laboratories in which their work 
was done. 

Sometimes, as in the case of Madame Curie and her 
discovery and isolation of radium, we see the work 
done under such miserable physical conditions that 
we may well feel that it could have been done much 
easier somewhere else. The fact still remains, however, 
that the creation and the dedication of the institution 
in question were links in a chain without which the 
work would probably not have been done by the per- 
son and at the time period in question. 

Countless other similar instances could be cited in 
which the dedication to the cause of science of a new 
laboratory or the creation of a new scientific society 
has constituted the beginning of a great tradition. 

Over forty years ago, in the General Electrie Com- 
pany, a group of four men consisting of Elihu Thom- 
son, E. W. Rice, C. P. Steinmetz and A. G. Davis, 
were so impressed by the consequences of the funda- 
mental scientific work carried on in college labora- 
tories that they started what was one of the first 
industrial research laboratories in this country—a 
step which has since been followed by some two thou- 
sand other manufacturing organizations. 

I have been in close touch with the General Electric 
Research Laboratory from the beginning, and, since 
taking over its direction, I have been greatly im- 
pressed by the strength of the tradition which has 
grown up around it—a tradition derived from the 
great men who had the vision to start it and to 
sponsor it through its early years, and from Dr. Willis 
R. Whitney, who directed it throughout the formative 
period of its existence, who saw the value of coopera- 
tion and secured it, who saw to it that recognition was 
always given to the individual and not merely to the 
institution, who insisted that all worth-while results 
should be published promptly, instead of being kept 
secret in what had been the time-honored way. Dur- 
ing my inecumbency in this office I have been constantly 
aware of the force of that tradition—a force like that 
inherent in the momentum of a heavy and rapidly 
moving body. Had I been so disposed at any time, I 

would have found it very difficult to do anything 
which would have tended to weaken that virile and 
inspiring tradition. 

Just as the tradition of our laboratory started with 
the characters and achievements of the men whose 
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names were first associated with it, so the tradition 
of this laboratory starts with the characters 4, 
achievements of the men responsible for its existen., 
and takes on to-day an intimate association with ‘4, 
life of the man whose name you have given it. 

I feel competent to speak to you on the value o 
that name to the tradition of this laboratory. 

It is the name of a great pioneer in the applicatig, 
of physical science to the diagnosis and treatment 
human disease. It is the name of a man to whoy 
countless sufferers from human ills owe their live 
their health and their happiness. It is the name of 
a.man who has not only practiced and advanced ay 
art, but who has greatly enriched the science unde. 
lying that art. It is the name of a man who hy 
contributed not only to the practice but also to th 
teaching of that science and that art. It is the nan 
of a man who has lived richly, enjoying not only his 
work but also his environment, traveling not only for 
his own pleasure at the time, but also that he might, 


through the photographie art -and his patience and 


skill in the hand-coloring of his slides and movie filns, 
share these artistic delights with his friends. Fron 
the personal standpoint let me add that he has fo 
many years been to me an honored and respected 
friend and an inspiration. I have always felt grateful 
for the fortunate turn of events which resulted in ny 
acquaintance with some of the great men in the meti- 
eal profession, and high in my list of these stands the 
name of Dr. George E. Pfahler. 

The science laboratory of to-day is the temple in 
which we come directly in contact with nature herself. 
Here to the patient, honest, reverent and open mind, 
she reveals herself, at least to the extent that the 
seeker after truth is capable of understanding her. 

I think that the ecmplex equipment which we ar 
often forced to use in the laboratory, like the priest 
in the Ancient Oracle, stands somewhat between 1 
and nature and diminishes the reverence which ve 
would otherwise feel. After all the intervening years, 
fifty to be specific, one regular physics laboratory 
experiment at Massachusetts Institute of Technology 
stands out clearly in my memory because of the close- 
ness of contact with nature which it seemed to give 
me. It was the experiment of the simple pendulu, 
in which the student takes a brass ball and measures 
its diameter and then attaches to it a string, of whid 
he measures the length. Next he attaches the fre 
end of the string to a rigid support and then with 
watch determines the time of oscillation of this devit 
as a pendulum. Simple calculation of the data givé 
the acceleration due to gravity, and from this and tle 
gravitational constant, a quantity likewise obtainable 
in the laboratory, one may readily calculate the mas 
of the earth. The only equipment which I used we 
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the brass ball, some calipers, the string, the measuring . 


stick and the watch; and still, with the gravitational 
constant known, it enabled me to weigh the earth. 

You are to-day dedicating this laboratory to the 
cause of science, that is, the acquisition and teaching 
of knowledge relating to the physical world in which 
we find ourselves. Such knowledge contributes in so 
many ways to our happiness and our comfort. 

The search for it would be worth while even if it 
did nothing more than satisfy the yearning of the 
human mind for knowledge of our environment. 

We long to know the extent of the physical universe, 
how it came into being, the gross changes which it is 
undergoing and whither it is tending. 

We have wondered how the stars, including our own 
sun, can be continually radiating such vast amounts 
of energy and still maintaining through the centuries 
such enormously high temperatures. Our own sun, 
for example, delivers energy to the earth at the rate 
of 2.5 x 10'8 ealories per minute. Now the world pro- 
duction of oil for 1939 was 2,100,000,000 barrels and 
the heating value of this is about 2.5 x10*" calories. 
The energy which the earth receives from the sun in 
one minute is then ten times the heat of combustion 
of the entire 1939 world production of petroleum. 
And we are receiving but a tiny fraction, only about 
one two-billionth, of the total energy radiated from 
the sun. It is only within the last few years and 
through modern research on atomic structure, that 
we have been able to give even a plausible explanation 
of how this ean eontinue. 

We have wondered about our own earth, where it 
came from and how old it is. Spectroscopic observa- 
tions made in the physies laboratory, coupled with 
similar observations made in the astronomical observa- 
tory, tell us that our earth is composed of the same 
chemical elements as those found in the sun. This 
and other evidence tells us that the earth was origi- 
nally a part of the sun. The answer as to the age of 
the earth has also come from the science laboratory. 
The best of the various methods used is that based 


upon the radioactivity of uranium, an element which 


breaks down spontaneously into radium and this in 
turn into lead. (One hundred uranium atoms thus 
yield one lead atom in 66,000,000 years.) If then we 
determine the ratio of lead to uranium in uranium- 
bearing rocks, we have a simple measure of their age. 
In this way we arrive at an age for the earth of about 
two thousand million years. 

We marvel at the myriad forms of animal and 
vegetable life and, still more, we marvel at the mys- 
tery of life itself. The science of biology by correlat- 
ing the chromosomes and the genes and the mechanism 
of the reproduetive processes goes far in explaining 
the variety of forms, but as yet has no explanation 


| to offer concerning the life principle itself. 
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In my college days we talked of the atomic and 
molecular hypotheses. Since then, physical science 
has advanced so far that we are now able to count 
and weigh individual atoms and molecules. Not only 
this, but we are now able to break atoms up into still 
smaller particles—electrons, protons and neutrons. 

These particles come from the nucleus, which has 
a diameter a hundred thousand times less than that 
of the atom itself. We ask ourselves how it is pos- 
sible for the positive and negative charges of these 
protons and electrons to exist in such infinitesimally 
close proximity without mutual annihilation of charge. 
We ask ourselves, “What is the nature of the forces 
which bind these particles?” and the answer to this 
fundamental question may well have far-reaching con- 
sequences. 

We wonder how the so-called virus diseases are 
propagated and what is a virus. Recent medical re- 
search, aided by such modern scientific tools as the 
ultra-centrifuge and the electron microscope, is now 
making real headway with this problem. 

Prior to the time of Aristotle, such questions might 
all have been referred to the Delphie Oracle, but in 
the science laboratories we refer them to nature her- 
self, changing experimental conditions until, without 
breaking her laws, she can give the answer. 

Interest in our environment is all-embracing, in- 
cluding everything from the astronomical in size down 
to the smallest constituent of matter. 

Many of our questions may never be answered, and 
it is probably well for our happiness that nature 
guards her secrets as closely as she does, since so much 
of our pleasure comes from our efforts to become bet- 
ter acquainted with her. To the superficial mind it 
may appear that we already know many of her secrets, 
but he who looks deeper sees that in many cases we 
have hardly done more than to give names to her 
manifestations. 

It is as though each of nature’s secrets were guarded 
by a combination lock which can be opened only after 
each of its many components has been put in its 
proper place. Consider, for example, the relation 
between the various chemical elements. It was found 


_ many years ago that they could be so arranged in 


groups in a table as to bring out a periodic recurrence 
of physical and chemical properties and that these 
were, with few exceptions, simply related to their 
atomic weights. The latter were in turn very nearly, 
but not quite, whole multiples of that of the lightest 
of the elements. The studies of J. J. Thomson and 
Aston with the mass spectrograph showed that each 
element was in general present in several isotopic 
forms differing slightly from one another in atomie 
weight. This brought us somewhat closer to an 
understanding of the relation between the elements, 
but the real answer came only through the chain of 
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events consisting of the discovery of the nature of 
the x-rays by Laue, the development of the x-ray 
spectrometer by the Braggs, and the measurement by 
Moseley, with the help of the spectrometer, of the wave- 
lengths of the characteristic x-radiations emitted by 
the various elements. With the help of this last in- 
formation we were able to see that the various chemi- 
cal elements were all made from the same building 
blocks and differed only in the number and arrange- 
ment of these blocks. The picking of this particular 
lock occupied a time period of many years, beginning 
with the work of Mendelejeff and ending with the 
work of Moseley and involving the efforts of many 
others. In this, as in perhaps every other case where 
an important physical principle has been discovered, 
success was due to the painstaking efforts of many 
men, each of whom built on the work of his predeces- 
sors. 

Herein lies the importance of faithfully recording 
all scientific progress and making it readily available 
to those who may later build upon it. This has been 
conscientiously done for many years by many differ- 
ent peoples. Even as far back as perhaps 2000 B.c. 
the Cretans probably made an effort to do it. They 
wrote on clay tablets, which are still intact, but which 
we unfortunately are unable to read. They knew 
some astronomy, for they are famed as navigators, 
and tradition credits them with the ancient Minoan 
calendar. The Egyptians acknowledge their indebted- 
ness to them for certain medical prescriptions, and 
the Greeks borrowed aromatic and medicinal herbs 
from them. 

The present rapid progress in science is due in no 
small part to laboratories like this one, consecrated 
not only to the task of seeking new knowledge, but 
also to the handing on to successive generations of the 
knowledge of the past, not as a matter of dead history 
but as a springboard for further advances. 

In this last connection we see marked differences in 
the quality and effect of science instruction, involving 
the attitude of both teacher and pupil. The teacher 
may present the subject either as a completed book 
or as a preface, and the student may either receive it 
as a finished work or question it even as a preface. 

As a student in a German university many years 
ago, I saw the professor on a very high pedestal above 
the student. He came in, gave his lecture and went 
out, with no chance to question him at the time. Ina 
Russian university more recently I saw something 
quite different—the professor clearly not on a pedes- 
tal but rather on the same level with the student, a 
condition much more conducive to a questioning atti- 
tude, without too much respect for authority, on the 
part of the student. Too much respect for authority 
is bad, as it can easily lead to the impression that 
the tree of science is full-grown—has reached its 


. maturity—when as a matter of fact it’s not only 


- for every new branch added to it gives rise to othe, 
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growing faster than ever but at an accelerating rate, 


branches and each of these in turn to more. ; 

Authority derives from a generalization based 
known facts, and the respect which it merits js the, 
related to the number and significance of the support. 
ing facts. It must not be forgotten, however, tha 
it may always be upset by a single new fact. Ther 
was, for example, seemingly excellent authority fg 
our earlier ideas on the conservation of mass and oy 
the conservation of energy. This has been recently 
upset, however, by the discovery that mass and energy 
are mutually interchangeable. 

To mention a much more common type of example 
from the field of magnetism: It seemed possible tha 
an improved permanent magnet might result fron 
cooling the constituent material through an elevate 
temperature range in a steady magnetic field. Suc 
experiments made with various alloys showed ny 
appreciable gain, however, indicating seemingly that 
magnetic domains in this type of material could not 
be usefully oriented in this manner. Too much re 
spect for the authority built up on these experiments 
would have barred the progress which took plac 
recently when further experimentation showed that 
a certain alloy differing but little in composition from 
those which had previously been submitted to the 
treatment in question was greatly improved by it, 
yielding a permanent magnet in most respects two to 
three times as good as the best of its predecessors. 

The big steps in scienee have for the most part come 
from the work of fresh inquiring young minds—aninés 
not overawed by the authority of their teachers— 
minds so young that experience hasn’t yet taught them 
that new things can’t be done. 

I am glad to see that various sciences are to be 
housed together in this building instead of bei 
widely segregated, for they are all parts of one whole, 
and the knowledge and the methods and the tools of 
each can be helpful to the others. 

And these tools of which I speak play a tremendots 
role. To take for example a recent one, the cyclotron 
Before its advent we had only a couple of radioactivt 
materials—only those occurring in nature. To-daj, 
thanks to the cyclotron, we have over three hundred 
artificially made radioactive elements. This has no 
only greatly increased our fundamental knowledge 
matter, but has produced a battery of new tools 
these various radioactive products themselves whit) 
can be used either as therapeutic agents or as trace! 
for the study of physiological processes, diffusio! 
rates, chemical equilibria, and other purposes. 

In the electrical field we have, among other moder 
tools, the vacuum tube amplifier which not only plays 
so important a role in radio and in the eleetrical at 
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enerally, but in the medical field makes possible the 
portable electro-cardiograph and facilitates the dem- 
onstration and recording of electric currents gener- 
ated in the human brain. 

Another tool taken from the physics laboratory 
which has made valuable contributions in many ways 
is the ionization chamber. In the field to which Dr. 
Pfahler has devoted himself, it is now universally 
used to measure X-ray and gamma ray dosage. This 
has increased the effectiveness of radiation therapy 
and enabled specialists throughout the world to com- 
pare their results intelligently and to talk a common 


Slanguage in the field where previously confusion 


reigned. 
Many other tools could, of course, be mentioned, 


each of which has contributed greatly to several dif- 
ferent branches of science. 

The tools of science serve to increase the range and 
scope of our senses, increasing our power of percep- 
tion and making it possible for us not only to observe 
but also to record and measure physical phenomena. 

The great Danish physicist, Niels Bohr, calls atten- 
tion to the fact that each of our various senses has 
been developed to such a degree that further increase 
in sensitivity would be useless to us. Our scientific 
tools help our senses not so much by being more 
sensitive in the best working range of the latter but 
mainly by extending the range. 

Consider, for example, the entire field of radiant 
energy extending from the long wave-length radio- 
waves down through heat and light to the shortest 
wave-length x-rays—a range of 60 octaves. Of this 
only one octave is pereeivable by our unaided eyes. 
For our knowledge of the other 59 octaves we are 
dependent on such tools as the fluorosecope, the photo- 
graphic film, the bolometer and the radio-receiving 
set. The eyes give us no direct information outside 
of a narrow band of wave-lengths, nor do they tell 
us anything concerning the distribution of energy in 
the spectral region with which they deal. For this 
information we are dependent upon the spectroscope 
and the thermopile or bolometer. 

The light-gathering power of the lens of the eye 
is limited by its diameter. The 100-inch telescope 
gathers so much more light that it reveals to us 
nebulae two million times fainter than the faintest 
star just visible to our unaided eyes. 

Through the optical microscope we have entered a 
Whole new world of living and inanimate objects, and 
now the electron microscope gives us a further fifty- 
fold useful magnifieation. This last device is of too 
recent a vintage for us fully to appreciate its poten- 
tialities. But it is already opening our eyes to things 
which had never before been seen, as for example, 
the bacteriophages, those viruses which prey upon 
the various bacteria. 
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Our ears respond to sound vibrations through a 
range of about ten octaves. Our knowledge of sound 
vibrations outside this range has been greatly ex- 
tended by the microphone and oscillograph and by 
the use of the local oscillator and the heterodyne prin- 
ciple. Such devices have also given us the quantita- 
tive information which our ears fail to supply. Our 
knowledge of mechanical vibrations taking place at 
remote points has also been greatly extended through 
the use of the microphone and the telephone receiver. 
This combination permits us to hear a fly walk on a 
distant object about as well as though he were walk- 
ing on one of our eardrums, and likewise brings to 
us through a wire the conversation of a person who 
may be thousands of miles distant. In similar ways 
the other senses have been extended by the tools of 
science. 

We are, of course, interested in science not only for | 
the intellectual pleasure connected with its develop- 
ment and for its aid in amplifying and extending our 
senses and thus broadening our horizons, but also for 
the useful everyday applications which can be made 
of it. These last relieve us of drudgery, increase our 
bodily comfort and lengthen our span of life. While 
enjoying them we may occasionally sigh for “the good 
old days,” but few of us ever voluntarily relinquish 
the comforts and conveniences of modern life. Gov- 
ernment rationing is required to enable us to enjoy 
again the blessings of those “good old days.” The 
product of the science laboratory has in many cases 
had a tremendous impact on our civilization. 

It is not so long ago that about 1,800 pounds of 
living animal tissue was required to produce a horse- 
power. Now, through the work of science and engi- 
neering laboratories, we are able to produce an ex- 
plosion-type engine weighing less than one pound per 
horsepower. The 1,800-pound source of a horsepower 
was of necessity a patient plodder on the face of the 
earth. The airplane engine takes us up into the air 
and makes possible the crossing of the Atlantic, even 
between daylight and dark. 

The radio makes possible the sending of intelligence 
to the far corners of the earth in a small fraction of a 
second. 

In these and other ways science has made the earth 
in effect so small that isolation is no longer possible, 
and the process has taken place so rapidly that we 
have as yet failed to make the necessary readjustment. 

Science has been blamed by some for the misuse of 
its product, and you will remember that in England 
Dean Inge even proposed a moratorium on science. 
The present emergency will serve to show the danger 
of such procedure to any nation subscribing to it with- 
out definite and effective guarantees that all other 
nations would do likewise. 

Furthermore, there has never been a danger to an 
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individual or a nation in knowing too much—the dan- 
ger always comes from knowing too little. 

The development of science is now proceeding rap- 
idly, both in educational institutions and in the in- 
dustrial research laboratories of the country. It is, 
in the past, mainly to the college laboratory that we 
have looked for the development of new scientific 
facts and principles, leaving to the industrial labora- 
tory the practical applications of such new knowl- 
edge. More recently there has been a marked ten- 
dency for the college to become both application and 
patent minded, this with the entirely praiseworthy 
purpose of earning money to finance its research. 
This has seemed to me a regrettable tendency, for the 
reason that it unavoidably brings the element of 
secreey into this portion of the work of the univer- 
sity and so builds up a certain barrier, partly real 
and partly psychological, between it and industry. 
To a certain extent it puts the two institutions on a 
competitive, rather than on a mutually complemen- 
tary, basis. It is to the university that industry 
should look to train men for its laboratories in the 
fundamentals of science, and if this work is to be 
well done, fundamental research must be carried on 
by members of the teaching staff of the university, 
for without this the teaching will lack freshness and 
vigor and inspirational quality. Financial support 
must, of course, be provided, and should come from 
the public either in the form of a government subsidy 
or as a contribution from industry to be in turn liqui- 
dated by the public. 

The fundamental experiments underlying a great 
industry, and often greatly affecting the daily life of 
a people, are always so simple in character that they, 
and their place of origin in the science laboratory, are 
soon almost forgotten. 

For example, the radio in all its varied forms is 
based upon the theoretical work of Maxwell and the 
simple confirmatory laboratory experiments of Hein- 
rich Hertz—simple experiments involving the dis- 
charge of an electric spark between two brass rods 
with the consequent production of a microscopic 
spark between the closely spaced ends of a circular 
metal hoop placed at a distance. These experiments 
showed that electrical energy could be transmitted and 
received across empty space. It was, of course, a far 
ery from these experiments, bridging a gap of only a 
few feet, to present-day radio. But all our multitudi- 
nous peace- and war-time applications of radio started 

from those simple beginnings. 

In the same way consider the dependence of the 
automotive industry upon some substance having 
the properties of vulcanized rubber. The primitive 
wooden wheel is still used for the oxcart, and the 
metal-tired wooden wheel for the horse-drawn vehicle, 
but for present-day speeds we must have vuleanized 
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rubber or its equivalent. This takes us back to the 
simple experiment of Goodyear, who completely 
changed the physical properties of natural rubbe 
by adding to it a little sulfur and a little heat’ thy, 
imparting to it the wonderful mechanical propertie, 
without which so much of present-day mechanizatioy 
would be impossible. 

To-day we see the majority of the scientists of the 
world, both university and industrial alike, recryite 
for use in offensive and defensive warfare, and we ge 
science playing so vital a role that it may win or log 
the struggle. All the sciences are involved. Some of 
this work is being done in groups which were already 
in existence in university, industrial, commercial, goy. 
ernment and other laboratories; while another part js 
being done in new groups recruited for the purpose, 
mainly from the staffs of our colleges. 

A tremendous contribution to the war effort is being 
made by our colleges not only through the activity of 


their scientific staffs in developing important new m.- 


terials and new devices but also through the use of 
their teaching facilities. The importance of this !ast 
can hardly be overestimated, for we must not only 
have the necessary new mechanisms of warfare but we 
must also have an adequate number of people con- 
versant with their use and their maintenance; and the 
essential basic training of these people is best given in 
the colleges. 

While the necessity for the scientific effort involved 
represents in magnitude the greatest tragedy which 
civilization has ever encountered, much of it will have 
lasting value, and in many important lines research 
is being prosecuted at a rate which would be quite 
out of the question in peacetime. This is especially 
true in the fields of physics and chemistry. Most of 
this work is of so confidential a nature that it can not 
be publicly discussed at this time. 

In the x-ray field I can say that until within the last 
year and a half but few radiographs had ever been 
made using more than a couple of hundred thousand 
volts. As a result of the war, industry is now en- 
ploying many one-million volt radiographic outtits 
These are portable and mechanically and electrically 
flexible and permit the ready examination of sted 
castings and welds up to a thickness of as much a 
eight inches. 

Furthermore, we have recently built, with the help 
of Dr. Donald Kerst, of the University of Illinois, a 
induction electron accelerator for twenty million volts, 
and are now building a larger one designed to operate 
at voltages up to a hundred million. This last ma- 
chine, used as a source of x-rays, should enable us 10 
determine what radiographic and other useful results 
can be accomplished by such high-voltage radiation 

This same device should also render available for 
physical, chemical and medical experimentation cath- 
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the ode rays corresponding to these same enormous volt- 
ages. In the medical field these cathode rays may 
have a good deal of therapeutic interest in the treat- 
thus Himent of deep-seated tumors, since they will have suffi- 
cient penetration and since, unlike x-rays and gamma 
rays, their effect will be a maximum near the end 
of their range—properties which should facilitate the 
the destruction of a tumor without damage to the over- 
lying tissues. ' 
‘The fluoroscopic application of x-rays is also being 
developed rapidly for use in industry, where it makes 
possible the ready examination of small metal cast- 
ings. Without this non-destructive method it has 
sometimes been necessary to expend much machine 
work on a casting before a fatal hidden defect was 
revealed. Such wastefulness of labor is now avoided 
by the fluoroseopie inspection. 

In the medical field we have seen an x-ray develop- 


of ment take place during this war which will have great 
1a--Jgpermanent value. It consists in the photography with 
of the camera of the fluorescent screen image and, in the 
ast ease of chest examinations, it will reduce the cost of 
ly fethe photographie film required to about one tenth that 
We of the usual direct method of radiography and with 
n- little sacrifice, we are told, in diagnostic value. 
he This will make economically possible the chest radi- 
in Mmmography of all army reeruits and the frequent chest 


examinations which are so desirable in the case of our 
ed young people. Many other important examples will 
ch come to light after the emergency. 


ve Science institutions bring their votaries together, 
‘h and so facilitate cooperative effort. The science lab- 
te oratory and the scientifie society alike facilitate the 
y Meelpful interchange of ideas, thus giving both pleasure 
f and: assistance. Some individuals are by preference 
t lone workers, but fortunately for human progress the 


scientist is usually a gregarious animal, taking plea- 

t sure in being with his own kind, that is, with those 

who can understand and appreciate his work. And 
| fy such contact he gives and receives help. 

The question is sometimes raised as to whether the 
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day of the lone scientifie worker is past. While the 
answer is no, it is certain that with the great increase 
which has taken place in recent years in the number 
of science laboratories and in the number of people 
working in them, the percentage of our scientific 
progress due to the lone worker has undergone a. 
corresponding decrease. 

The science institution also helps by lending dig- 
nity to the profession of the scientist, thus playing 
no small role in scientifie progress. The degree con- 
ferred by the institution is a badge of distinction 
which serves as a spur both to the acquisition of the 
knowledge of the past and to subsequent achievement. 

In closing may I express the hope that the tradition 
of this laboratory, so auspiciously begun, may grow 
in stature and in luster with the years, and that it may 
be a eredit to the founders of this institution and to 
the distinguished name this institution now bears. 

Sir William Osler, lifelong advocate of medical re- 
search and himself one of its finest exemplars, in 1908, 
stirred by the shifting of the medical center of the 
world from Vienna to Berlin and by his longing to see 
it move again, this time across the Atlantic, wrote a 
letter in which he fancifully but eloquently quoted 
these words from “Minerva Medica” : 


We Gods have but one motto—those that honor us—we 
honor. Give me the temples, give me the priests, give me 
the true worship—and I will come. . . . Where the wor- 
shippers are the most devoted, not, mark you, where they 
are the most numerous; where the clouds of incense rise 
highest, there must my chief temple be, and to it from 
all quarters will the faithful flock. 


So now, as we dedicate this new altar to science, in 
the name of another great exponent of medical re- 
search, may we not feel that we are adding to the ful- 
filment of Osler’s dream of a third of a century ago? 
Let us hope that here Minerva may find a new and 
welcome shrine, where the clouds of incense will rise 
ever higher, fed by an ever increasing and ever more 
devoted band of worshipers at the altar of truth. 


SMITHSONIAN ENTERPRISES 


By Dr. C. G. ABBOT 
SECRETARY, SMITHSONIAN INSTITUTION 


Iy the main hall of the old brown-stone Smithsonian 
Building are found several of the reasons why the 
Unstitution is being frequently called upon to assist 
B the armed services. In this hall was opened, in Janu- 
lary, 1941, an exhibit which presented all branches of 
Smithsonian interests in a striking way. At either 
Send of the hall is a world map. One map displays 
the world-wide distribution of Smithsonian publica- 


tions. The other shows that none of the seven con- 
tinents nor the seven seas has failed to be the scene 
of many expeditions, for collecting or for basie inves- 
tigations, in which the Smithsonian has worked alone 
or has prominently participated. 

This world-wide scope of Smithsonian interests and 
knowledge, associated with the intimate acquaintance 
with the ethnology, resources, language and climatic 
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conditions of out-of-the-way places which many of its 
staff members have gained brings to the Institution 
a multitude of questions from the military services, 
now called to far-away shores. 

In order to understand the favorable position of 
the Institution to assist in war enterprises, it is neces- 
sary to recall the unique nature of its organization. 
By the will of James Smithson, an Englishman who 
died in 1826, the Institution “for the increase and 
diffusion of knowledge among men” was conceived 
and endowed with his private fortune of $550,000. 
The old brown-stone building was erected from the 
early income of the Smithson fund. To the original 
endowment has been added, for general purposes, 
about $1,500,000 more by gifts from later donors. 
Besides these resources for general purposes, the 
Institution is the legal owner of the Freer Gallery of 
Art, its contents and endowment, and the National 
Gallery of Art and all the works of art it contains 
excepting loans. 

The Smithsonian Institution is the ward of the 
National Government, ruled by a Board of Regents 
comprising the Vice-President of the United States, 
the Chief Justice, three Senators, three Representa- 
tives and six eminent private citizens selected by the 
Congress. The Secretary of the Board of Regents is 
the executive officer. Each of the five secretaries has 
been of international standing as a man of research 
and has exercised almost unlimited authority in guid- 
ing the operations of the Institution. From Smith- 
sonian private initiative has arisen the National 
Museum, Zoological Park, Bureau of American Eth- 
nology, Bureau of International Exchanges of scien- 
tifie literature, Astrophysical Observatory and the 
three Galleries of Art, all now appropriated for 
annually in large measure by the Congress, but all 
entrusted to the administration of the private Smith- 
sonian Institution. Several other government enter- 
prises, including the weather service and the fisheries 
service, were initiated and carried on for many years 
by the Institution. 

Thus with powerful government support, but with 
independent control of a small but highly useful pri- 
vate income, the Institution is in position to take up 
instantly at any time any project within the scope of 
its charter, “the increase and diffusion of knowledge,” 
which lies within its available means. Also, from its 
cordial world-wide contacts it gives and receives co- 
operation from individuals and institutions far and 
near, unhampered by the restrictions which necessarily 
surround purely government operations. 

Thus, when it was learned that the National Re- 
search Council, the Council of Learned Societies and 
the Social Science Research Council were considering 
jointly the possibility of setting up the Ethnogeo- 
graphic Board for correlating information on the 
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little known areas of world conflict, for the use 4 
the armed services and other government branch, 
the Smithsonian Institution was able to help to star 
the project at once. It offered the salary of th, 
director, an attractive office for his use, the assistang 
of one of its ethnologists and assured him of all th 
resources of knowledge stored up in the experieng 
and learning of its staff. 

Located in the great Smithsonian hall, the Ethpo. 
geographic Board, Dr. William Dunean Strong, dire. 
tor, has functioned since July, 1942, and already hy; 
been called upon to the full extent of its facilities {, 
meet the requests for speeial types of knowledge 
which come from various services of the government 

The vast collections of the National Museum an 
the facilities of other Smithsonian bureaus are als 
of great usefulness in the identification, study anj 
provenance of strategic materials relating to nationg 
defense, such as rubber, tin, aluminum, mica, mer. 


cury, abrasives. The staffs contain experts and tech.- 


nicians with outstanding experience in many fields 
and the laboratories and equipment are useful in 
building and testing instruments and furnishing sp». 
cial information. Some of its staff members, because 
of unique knowledge, have been drawn away on spe- 
cial missions to aid the war effort. 

Among the outstanding events of recent time in 
the diverse fields of the Smithsonian Institution, the 
greatest by far is the opening and growth of the 
National Gallery of Art, gift of Andrew W. Mellon, 
and enriched not only by his own collection of famous 
objects of art but by the munificent gifts of Samué 
H. Kress and Joseph E. Widener, and the choice 
loans from other art connoisseurs. 

For present-day Washington, crowded with service 
men and workers in the executive offices, the National 
Gallery is a godsend. And the more so because 
through the generosity of Mr. Chester Dale it has 
been opened for months this year on Sunday evenings, 
with the added beauty of choice music. Thousands 
attend each Sunday, and the attendance grows and 
grows. It may not be generally realized that the 
National Museum and the Zoological Park each te 
ceive about 2,500,000 visitors a year, and that 
present rates the National Gallery will not fall belov 
them. 

For five years the Smithsonian Institution coope- 
ated with the United States Office of Education ani 
the National Broadcasting Company in the weekly 
broadcast “The World is Yours.” The programs wett 
selected and edited by the Institution, and writtet, 
on material furnished by its experts, by a profession! 
seript writer employed by the Smithsonian. Tit 
popularity of the program remained undiminishet, 
and twice within the past two years an official ratilg 
service placed “The World is Yours” at the top of all 
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non-commercial programs on all networks. Many 
will regret that owing to war demands the National 
Broadcasting Company has felt obliged to take this 
program off the air. 

In cooperation with the National Geographic So- 
ciety and with the good will of the Mexican Govern- 
ment, Mr. Matthew W. Stirling, chief of the Bureau 
of American Ethnology, has excavated sites in south- 
erm Mexico during the past three years. His work 
was very fruitful. Stelae carrying the earliest known 
dates in American archeology were found. Also a 
number of colossal portrait heads in stone, having 
most interesting negroid characteristics. At the very 
end of his digging in 1941, Mr. Stirling opened a 
cache of nearly a hundred jade objects, unprecedented 
in America. 

Dr. F. H. H. Roberts, Jr., also of the Bureau, con- 
tinued for several years the excavation of the Linden- 
meier site in northern Colorado, rich in Folsom points 
and bones of extinct animals. He found evidences 
of occupation by men contemporaneous with post- 
glacial phenomena of perhaps 20,000 years ago. In 
one instance a Folsom point was found imbedded in 
the vertebrum of an extinct species of bison. Bones 
of camels and other extinct forms evidence the an- 
tiquity of these layers, some 15 feet below the pres- 
ent levels. The post-glacial age of the site was deter- 
mined by cooperating geologists from Harvard Uni- 


versity. 


Another branch of science has received a valuable 
contribution from the Institution this year. Volume 6 
of the Annals of the Smithsonian Astrophysical Ob- 
servatory was published in April, 1942, by the gener- 
ous provision of Mr. John A. Roebling, to whose 
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support for twenty years the investigation is greatly 
indebted. Volume 6 contains a detailed account of 
the methods employed to determine the solar con- 
stant of radiation from observations in North and 
South America and Africa. A table of 78 quarto 
pages gives the daily determinations of the years 
1923 to 1939, and is followed by a table of 10-day 
and monthly means. It is shown that the sun’s output 
of radiation varies from day to day in close correla- 
tion with the areas of solar faculae. The rotation 
period of 27 days is well shown by solar variation. 
Fourteen long periods ranging from 8 months to 23 
years are indicated. It is claimed that the weather, 
both from day to day and through seasons and years, 
is profoundly affected by these long- and short-range 
solar variations. As regards wave-length, it is shown 
that the sun’s variations are slight for red and infra- 
red rays, and only of the order of 1 to 3 per cent. 
at maximum for total radiation. But the variation 
increases rapidly towards shorter wave-lengths, and 
becomes six times as great for ultraviolet rays as for 
total radiation. 

Such are some of the recent enterprises of the 
Smithsonian Institution. It would be invidious to 
mention the outstanding services which individuals of 
its staff are giving to government services in this 
crisis, and it would unduly prolong this paper to 
speak of many other interesting operations of the 
Institution. Its usefulness is due in great measure 
to its unique character as a ward of government, 
endowed with a small but freely disposable private 
income, and looked upon with respect and favor, the 
world around, on account of its shining history of 


nearly a century. 


OBITUARY 


DAVID WILLIAM CORNELIUS 


Dr. D. W. Corne ius, head of the physics depart- 
ment at the University of Chattanooga until his retire- 
ment in 1941 on account of ill health, died on June 2, 
1942, at Vincennes, Indiana, at the age of 57 years. 
For six years his health had become increasingly poor, 
the illness being finally diagnosed as cerebral arterio- 
sclerosis, something for which medical science has as 
yet found no eure. In spite of a reduction in teaching 
duties in 1939, a leave of absence in 1940 and his 
retirement to emeritus status in 1941, Dr. Cornelius 
was unable to stem the development of the fatal dis- 
ease. But throughout these trying times he main- 
tained the same cheerful disposition which has en- 
deared him to a host of acquaintances and friends. 

Dr. Cornelius was born in Linton, Indiana, and was 
a graduate of DePauw in 1906. He did graduate 


work at the Universities of California and Illinois, 
receiving his doctorate from the latter institution in 
1912. He served as assistant in physics at DePauw, 
Purdue and California, as professor of physics and 
engineering at Ottawa (Kansas), assistant professor 
of physics and astronomy at the University of Kansas, 
instructor in physics at Missouri University, and pro- 
fessor of physics at Alma College, until he was called 
to the University of Chattanooga as head of the phys- 
ies department in 1920. 

Dr. Cornelius is known chiefly as an inspiring 
teacher and for the many physicists who have received 
their college training under his careful guidance. His 
professional interests were numerous and he was a 
member and regular attendant of the various scientific 
societies in his field. He was a member of the execu- 
tive council of the American Association of Physies 
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Teachers, president of the Tennessee Academy of 
Science and vice-president of Sigma Pi Sigma, physics 
honor society. 

The board of trustees of the University of Chat- 
tanooga by resolution mentioned, among other things, 


his zeal in building up the physics department and his 
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effectiveness and high standards as a teacher. [ho 
resolution refers to the fact that “He cultivated in his | 
students the spirit and methods of original research » | 

Dr. Cornelius is survived by his wife, Orrelle 7 J 


Cornelius. W. 
THE PENNSYLVANIA STATE COLLEGE 


SCIENTIFIC EVENTS 


A BRITISH VETERINARY EDUCATIONAL 
TRUST 


Dr. W. R. Woouprince, president of the British 
National Veterinary Medical Association, has an- 
nounced the formation of a Veterinary Educational 
Trust to raise and administer funds to provide better 
facilities for the education of veterinary surgeons. 

It is proposed to raise a minimum sum of £1,000,000 
for the trust. The Times, London, writes editorially 
as follows: 


On many occasions since the last war attention has been 
drawn in these columns to the strange anomaly that, while 
breeding and exporting some of the best livestock in 
the world, Great Britain has lagged far behind other 
countries in the matter of equipment for the study and 
teaching of veterinary science. As long ago as 1929 a 
departmental committee appointed by the Minister of 
Agriculture strongly criticized the condition of the Royal 
Veterinary College. In the following year Lord Hare- 
wood raised the question in the House of Lords. Even- 
tually a royal charter was granted constituting a new 
governing body, and in 1937 the present buildings of the 
college (replacing those that had been in use since 1791) 
were opened by the King and Queen. All this showed 
distinct, though slow, progress; yet it was not enough. 
Another government committee, reporting in 1938, de- 
clared that ‘‘veterinary education has been starved, the 
veterinary schools are overcrowded, teaching staffs are 
inadequate . . . facilities for clinical and practical train- 
ing are insufficient and the system of education and 
courses of study also need amendment.’’ These were 
strong criticisms, which the committee supplemented with 
valuable suggestions. One of these suggestions was that 
each veterinary school should have its field station, and in 
some of them—the Liverpool Veterinary College, for ex- 
ample—this has now been achieved. Obviously, however, 
there can be no complacency over a state of affairs which 
has lately drawn from such an authority as Sir Arthur 
Olver the accusation that ‘‘there is no other country in 
which livestock has such tremendous importance or in 
which so little has been done for veterinary education. .. . 
The necessary facilities are still not available in this 
country for adequate practical instruction.’’ 

With these facts in mind it is possible to appreciate 
the full importance of the announcement made by the 
president of the National Veterinary Medical Association 
that a veterinary educational trust has been formed with 
the object of improving veterinary education in this coun- 
try and in the hope of raising for that purpose a fund of 


at least a million pounds. The sum is large, but it wi | 
give the nation an idea of the importance of the issueg at 9 
stake. There are in this country, as Dr. Wooldridge has | 
reminded us, only 2,000 active veterinary surgeons to cope | 
with a task that could well employ twice that number, 7 


Britain’s inadequate educational services, moreover, have 


the responsibility of providing veterinary surgeons for | 
the Colonial Empire. The war has shown up some def. 7 
ciencies here, as in other places. Animal health is an | 
essential part of the economy of husbandry. Animal dis. 7 
eases must mean loss and waste and may, in some forms, 7 
have their effect upon public health. The revival of q 
British agriculture on a permanent basis will demand all © 
the aid that science can give and, not least, all that an : 
improved and developing system of veterinary science can q 
contribute in the way of prevention as well as of cure, § 
More veterinary surgeons and a better training are needed, | 
and a million pounds is by no means too large an endow- 7 


ment to demand for these purposes. 


THE PROFESSIONAL TRAINING OF 
CHEMISTS 


THE sixth progress report of the committee of the 


American Chemical Society on the professional train- 


ing of chemists, which met in April, recently appeared 


in Chemical and Engineering News. 

It is reported that students who receive the bache- 
lor’s degree from institutions in the official list after 
fulfilling the minimum requirements adopted by the 
society for the professional training of chemists be- 
come eligible for full membership following graduation 
and two years’ experience in the field of chemistry or 
chemical engineering or in postgraduate study. Stu- 
dents who graduate in chemistry or chemical engineer- 
ing from other colleges will be eligible only after five 
years. In each institution listed, the head of the de- 
partment of chemistry will be asked after each gradu- 
ation period to give the committee the names of those 
students who have fulfilled the specified requirements 
and who will thus, in the minimum time, qualify pro- 
fessionally for full membership in the society. Stu- 
dents majoring in chemistry or chemical engineering 
and graduates without the experience requisite for 
full membership may join as junior members with all 
privileges of membership except that of holding office. 
They thus gain seniority in the society and are auto- 
matically transferred to full professional status on 
acquiring the necessary experience. 
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Qnly a small number out of several hundred institu- 
tions have yet to be given formal consideration. For 
gveral others action has been deferred, either because 
ihe committee wishes to obtain further information or 
pecause of pending changes which may alter situations 
rithin certain institutions. 

It should be emphasized that the institutions on the 
oficial list will be reviewed from time to time and their 
ftness to retain recognition examined. Any institu- 
tion for which an unfavorable action has been given 
nay, after an interval of two years following the date 
of notification of such action, request a review of its 
situation by the committee. The committee may drop 
gn institution from the approved list (1) if it does not 
graduate each year at least one student who meets the 
requirements for attaining membership in the society 
in the minimum time; (2) if changes in department’s 
arriculum or institution’s general educational policy 
tend to be contrary to the best interests of fundamental 
chemical training; (3) if the attitude and spirit of the 
department do not show or manifest a definite profes- 
sional point of view toward student training; (4) if 
departmental facilities are not kept up and maintained 
to an adequate standard; or (5) if quality of staff is 
not maintained when changes occur. 

The committee recognizes that one of the most im- 
portant factors in assessing the quality of work in an 
institution is concerned with the personnel of the staff. 
Itis felt that the staff should be adequately trained and 
properly qualified to teach chemistry with its latest 
developments. Institutions which meet merely formal 
requirements without at the same time having the 
proper personnel can searcely be considered as doing 
high-quality work. 

The committee realizes that many institutions have a 
very high type of instruction in the elementary chem- 
istry courses but, either through lack of funds or insuf- 
ficient size of staff, are unable to give the necessary 
advanced work of the bachelor’s degree level or are 
unable to give it adequately for the professional train- 
ing of chemists. The committee feels strongly that this 
type of institution serves a very useful purpose in the 
American scheme of education but that it would be un- 
wise for such institutions to attempt professional train- 
ing in the sense that the committee uses that phrase. 
Graduate schools and employers of chemists will con- 
tinue to recognize that high quality men soundly 
trained in the elementary principles of chemistry may 
be obtained from these institutions, and it should be 
understood that no stigma is attached to their omission 
from the list of institutions the committee deems to be 
qualified to offer professional training for chemists. 


AMERICAN STANDARDS FOR 1942 
Tue American Standards Association announces 
the publication of its latest list of American Stand- 
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ards for 1942. More than 550 standards are listed, of 
which 71 represent new and revised standards ap- 
proved since the February, 1942, issue of the list. 
These are marked with an asterisk. There is a sepa- 
rate heading for standards developed specifically for 
the war effort. Another section is devoted to Ameri- 
can Safety Standards. Other standards include defi- 
nitions of technical terms, specifications for metals 
and other materials, methods of test for the finished 
product, dimensions, ete. They reach into every im- 
portant engineering field and serve as a basis for 
many municipal, state and federal regulations. This 
particular list will serve as a useful reference to the 
engineering and purchasing departments of many 
manufacturing firms. Every government order is 
based on specifications, and standards are further 
used in industry in simplifying the production prob- 
lem, conserving materials, pegging quality to price 
control, in inspection and in contracting and subcon- 
tracting. A large part of the work of the association 
is now undertaken in connection with war and indus- 
trial work. The association is under contract with the 
Federal Government to carry on an increasing amount 
of such work. 

In each case standards approved by the association 
represent general agreement on the part of maker, 
seller and user groups as to the best current industrial 
practice. More than 600 organizations are taking 
part in this work. The list will be sent free on request 
by the American Standards Association, 29 West 39th 
Street, New York, N. Y. 


FELLOWSHIPS OF THE LALOR 
FOUNDATION 
THE appointments to fellowships under the sixth 
annual series of fellowship awards of the Lalor Foun- 
dation, which covers the academic year of 1942 to 
1943, have been announced. They are: 


A. Calvin Bratton, of the University of Texas, to work 
with Professor E. K. Marshall, of the Medical School of 
the Johns Hopkins University ; 

Edward H. Frieden, of the University of California, to 
work with Professor Roger J. Williams at the University 
of Texas; 

Francis J. Reithel, of the University of Oregon, to work 
with Professor Edward A. Doisy at the School of Medi- 
cine of St. Louis University; 

James R. Weisiger, of the Johns Hopkins University, 
to work with Professor A. Baird Hastings at the Harvard 
University Medical School. 


The work of these men is in fields closely associated 
with problems related to the war. 

Owing to war conditions, appointments to the five 
remaining fellowships originally scheduled for the 
1942-43 series have been postponed. 

Also, as announced by Dr. C. Lalor Burdick, diree- 
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tor of the Lalor Foundation, the present plan of the 
foundation is now to discontinue its regular program 
of fellowship awards until the demobilization of scien- 
tifie personnel at the end of the war. Thus it is 
planned that the usual fellowship awards of the foun- 
dation will go into a reserve to form an accumulation 
for post-war assignment. To date fifteen such awards 
will be made available at that time for post-doctorate 
research in chemistry. The standard annual stipend 
of a Lalor Foundation award is $2,000. 


THE AMERICAN SOCIETIES OF AGRONOMY 
AND SOIL SCIENCE 

THE annual meeting of the American Society of 
Agronomy and Soil Science Society of America will 
be held on November 11, 12 and 13 at the Hotel Statler 
in Saint Louis. Particular attention will be given to 
the part which agronomists can take in the war effort. 
The general meeting will be held on Thursday morn- 
ing, November 12, at which time Dr. 0. S. Aamodt, of 
the Bureau of Plant Industry, will diseuss “The Seed 
Situation and the War,” and Dr. F. W. Parker, of the 
Bureau of Plant Industry, will speak on “Fertilizer in 
the War Program.” Following these papers a round- 
table discussion will be held on “The American Society 
of Agronomy and the War.” The business meeting 
of the society will be held after the round-table dis- 
cussion. 

The Crops Section will have a general program on 
Wednesday afternoon and sectional meetings on Wed- 
nesday morning, Thursday afternoon and Friday, 
both morning and afternoon. The Soil Science So- 
ciety will have its general program on Thursday after- 
noon and sectional programs on Wednesday and 
_ Friday. The American Society of Agronomy will 
hold its annual banquet on Thursday, November 12, 
at which time Dr. Richard Bradfield, president of the 
society, will give the presidential address entitled 
“Our Job Ahead.” The Soil Science Society will hold 
its annual banquet on Wednesday with D. Howard 
Doane, Doane Agricultural Service, St. Louis, as the 


principal speaker. His subject will be “Soil Science 


and its Practical Application.” 

On Monday and Tuesday, November 9 and 10, the 
Fertilizer Committee of the society will hold its annual 
meeting, the meeting of the Joint Committee on Fer- 
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tilizer Application and an organization meeting of 
the National Joint Committee on Nitrogen Utilization, 


EXPEDITION OF THE DEPARTMENT of 
TROPICAL RESEARCH OF THE NEw 
YORK ZOOLOGICAL SOCIETY 

Tue New York Zoological Society’s forty-third ex. 
pedition of the Department of Tropical Research has 
just come to an end. Dr. William Beebe with a staf 
of three—Jocelyn Crane, research zoologist, George 
Swanson, artist, and Henry Fleming, entomologist— 
left New York for Venezuela on February 12 anq 
returned on September 20, flying both ways on Pap. 
American planes. 

Invaluable assistance and support were given by , 
grant from the Committee for Inter-American Artistic 
and Intellectual Relations; by the Standard Oil Com. 
panies of New Jersey and Venezuela, and by the fol- 
lowing trustees of the Zoological Society: Laurance 
Rockefeller, Childs Frick, Herbert L. Satterlee and 
George C. Clark. 

The field work was carried on in the jungles about 
Caripito, Venezuela. The objects were to conclude 
life history studies begun in British Guiana ten years 
ago; to secure a representative record of wild life in 
colored motion pictures; to record the reactions of 


animals to the very distinct dry and wet seasons; to § 


investigate the night life of jungle organisms; and to 
make observations through very high power binocu- 
lars (12, 20 and 40 diameters). 

In the course of the seven months, upwards of 40,000 
insects were collected and 150 color plates completed, 
while Jocelyn Crane took 6,000 feet of color motion 
picture film and more than 1,000 stills, both black- 
and-white and colored. The great amount of obser- 
vational data obtained will be evident in forthcoming 
technical and popular contributions. Substantial 
foundations were laid for a future source of supply 
of living, neotropical vertebrates and invertebrates 
for the Zoological Park. There seems to be no reason 
why there should not be a continuous flow of animals 
suitable for exhibition, when the end of the war agail 
permits the safe passage of oil tankers. 

Five lectures with motion pictures were given in 
Caripito and Caracas, and constant, constructive rela- 
tionships initiated and maintained with Venezuelat 
scientists and institutions. 


SCIENTIFIC NOTES AND NEWS 


Dr. ArtHuR B. Lamps, professor of chemistry and 
director of the chemical laboratory at Harvard Uni- 
versity, has been awarded the 1943 William H. Nichols 
Medal of the New York Section of the American 
Chemical Society. 


THE John Fritz Medal has been awarded to Dr. 
Willis Rodney Whitney, honorary vice-president 0! 
the General Electrie Company. The medal is give! 
for “notable scientific or industrial achievement, with- 
out restriction on account of nationality or sex.” The 


: 
$i 
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hoard of award consists of representatives of the 
American Society of Civil Engineers, the American 
Institute of Mining and Metallurgical Engineers, the 
American Society of Mechanical Engineers and the 
American Institute of Electrical Engineers. 


(erRARD SWOPE, president of the General Electric 
Company, New York, has been selected as the sixth 
recipient of the Hoover Medal. The citation reads: 
“Gerard Swope, engineer and distinguished leader 
of industry, ever deeply interested in the welfare of 
his fellowmen, whose constructive public service in the 
field of social, civic and humanitarian effort has earned 
for him the Hoover Medal for 1942.” The presenta- 
tion will be made at the winter convention of the 
American Institute of Electrical Engineers during the 
week beginning on January 25. The medal is adminis- 
tered by the Hoover Medal Board of Award, consist- 
ing of representatives of the four principal engineer- 
ing societies. It was formally instituted on April 8, 
1930, during the celebration of the fiftieth anniversary 
of the American Society of Mechanical Engineers, 
“To honor engineers whose preeminent services have 
advanced the well-being of mankind and whose talents 
have been devoted to the development of a richer and 
more enduring civilization, the Hoover Medal is 
awarded in recognition and appreciation of those 
principles and ideals of civie obligation and of public 
service exemplified by the life and work of Herbert 
Hoover,” to whom the first award was made. 


Dr. Gustav Ea@uorr, director of research of the 
Universal Oil Products Company, Chicago, was elected 
on September 4 an honorary member of the Chemical, 
Metallurgical and Mining Society of South Africa, 
Johannesburg. 


A TESTIMONIAL banquet in honor of Professor 
Vladimir Nikolaevich Ipatieff will be given on the 
evening of November 20 by the American Institute 
of Chemists to commemorate his seventy-fifth birth- 
day, the golden jubilee of his career in chemistry and 
his golden-wedding anniversary. The speakers and 
their subjects will be Professor Frank C. Whitmore, 
“Ipatieff and His Influence on World Chemistry” ; 
Professor Vladimir Nikolaevich Ipatieff, “My Twelve 
Years in the United States of America”; Dr. Gustav 
Egloff, “Ipatieff’s Influence on Industry,” and Pro- 
fessor Ward V. Evans, “Ipatieff the Scholar.” 


TuE honorary degree of doctor of science was con- 
ferred on October 23 at the Founders’ Day exercises 
of Lafayette College on Dr. Carl C. Speidel, professor 
of anatomy in the University of Virginia. 


Av a meeting of the Virginia Chapter of the Sigma 
Xi on October 29, officers for 1942-43 were elected 
as follows: Leland B. Snoddy, President; Ladley 
Husted, Vice-president; Joseph K. Roberts, Secre- 
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tary; Lawrence R. Quarles, Treasurer. With these . 
officers will be F. L. Brown and Alfred Burger to con- I, 
stitute the executive committee for 1942-43. : 


At the annual general meeting of the Physical So- 
ciety, London, held on October 2, the following officers 
were elected for the year 1942-43: President, Sir 
Charles Darwin; New Vice-presidents, Professor C. 
D. Ellis and Dr. H. T. Flint; Honorary Treasurer, 
Dr. C. C. Paterson; Honorary Secretaries, J. H. 
Awbery (papers) and Dr. W. Jevons (business) ; 
Honorary Foreign Secretary, Sir Owen Richardson; 
Honorary Librarian, Professor L. C. Martin; New 
Members of Council, E. R. Davies, Dr. W. B. Mann, 
A. J. Philpot, Professor H. C. Webster and Dr. W. 
D. Wright. 


Museum News states that the British Museums As- 
sociation, London, elected on July 9 Dr. Douglas A. 
Allan, director of the Liverpool Public Museums, to 
the presidency. He succeeds Major S. F. Markham. 
M. B. Hodge, of the Bankfield Museum, Halifax, was 
elected honorary secretary, and S. D. Cleveland, of 
the City Art Gallery, Manchester, was elected honor- 7 
ary treasurer. F. S. Wallis continues as honorary Peg! ae’ 
editor of The Museum Journal. The association has ; 
announced that, owing to the many requests from over- : 
seas for duplicate copies of the Journal to replace ? 
copies lost in transit through enemy action and to 
the frequent loss of replacements also, it has decided 
not to send additional copies in future but to conserve 
stock and make replacements at the end of the war. 


Dr. Ernest R. Hitearp, professor of psychology 
at Stanford University, was recently appointed head 
of the department of psychology to succeed Dr. Lewis 
M. Terman, who resigned at the close of the summer 
quarter. Dr. Hilgard is now in Washington, D. C., 
conducting morale studies for the government, and 
expects to remain there this year. In his absence, Dr. 
Paul R. Farnsworth, professor of psychology, will be 
acting head of the department. 


At the University of Michigan, Dr. R. V. Churchill, 
of the department of mathematics, has been promoted 
to a professorship, Dr. P. S. Dwyer to an associate 
professorship, and Dr. R. M. Thrall to an assistant 
professorship. 


Dr. ARTHUR WILLIAM MICKLE ELLIS, professor of 
medicine at the University of London, was appointed 
Regius professor of medicine at the University of 
Oxford on the retirement of Sir Edward Farquhar 
Buzzard. 


Ir is announced in Nature that Sir Henry Dale, 
president of the Royal Society, has accepted the direc- 
torship of the Laboratories of the Royal Institution 
with the Fullerian professorship, in succession to the 
late Sir William Bragg. Sir Henry has expressed the 
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wish that his appointment should be limited to a 
period of three years, so that the managers of the 
Royal Institution may then be free to consider their 
future policy. 


Dr. Frank C. Wuritmorg, research professor of 
organic chemistry and dean of the School of Chem- 
istry and Physies at Pennsylvania State College, an 
investigator for the National Defense Research Com- 
mittee, is serving on the referee board of the Chemical 
Division of the War Production Board. 


Dr. Ropert A. Kenoe, of the Kettering Laboratory 
of Applied Physiology of the University of Cincin- 
nati, has been appointed a member of the Sectional 
Committee on Allowable Concentrations of Toxic 
Dusts and Gases of the American Standards Associa- 
tion. The scope of the committee is to determine and 
promulgate the allowable concentration limits of 
harmful gases, fumes, vapors, dusts and mists in the 
atmosphere of working places, from the viewpoint of 
occupational disease prevention. 


Dr. H. C. OperHOLserR, curator of birds at the 
Cleveland Museum of Natural History, is on leave of 
absence until January 1. He has undertaken war 
emergency editorial work with the U. S. Fish and 
Wildlife Service. W. Earl Godfrey, research asso- 
ciate in ornithology, will serve in Dr. Oberholser’s 
absence. 


Dr. Emory W. Morris, of the Kellogg Foundation, 
has been made chairman of the recently established 
council on dental health of the American Dental Asso- 
ciation. 

Museum News reports that the State Legislature of 
Virginia has created a commission to consider the 
establishment of a state museum of science. Mem- 
bers of the commission are Henry S. Johnson, Gooch- 
land, appointed by the Speaker of the House of Dele- 
gates; Robert K. Brock, Farmville, appointed by the 
president of the Senate; and W. T. Sanger, Medical 
College of Virginia, Richmond, and George W. Jef- 
fers, of the department of biology of the State Teach- 
ers College, Farmville, both appointed by the Gover- 
nor. 


THE Iowa State College has received a grant of 
$10,000 from the Rockefeller Foundation for the 
study of national farm production and food distribu- 
tion policies. The study will be under the direction 
of the Agricultural Experiment Station. A commit- 
tee, of which Dr. T. W. Schultz is chairman, will 
direct the work. Other members of the committee 
include Dr. Margaret Reid, Dr. Walter W. Wilcox 
and Dr. A. G. Hart, all members of the department 
of economics and sociology. 


Dr. N. P. BeKKEDABL, of the National Bureau of 
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Standards, has been appointed by the Brazilian Goy. 
ernment to organize and direct a rubber laboratory, 


Dr. George A. Sarton, of Harvard University, do. 
livered on October 13 the Averill Lecture at Colby 
College, Waterville, Maine. The lecture was entitleq 
“The History of Science.” 


James S. THOMPSON, executive vice-president of 
the McGraw-Hill Book Company, will deliver op 
November 19 the seventh Bowker Lecture to be held 
under the auspices of the New York Public Library, 
His subject will be the development of the publication 
of technical books in the United States during this 
century. 


Facuutty members of the Massachusetts State Col- 
lege at Amherst now on war leave of absence and 
serving with the Army Sanitary Corps are Ralph L. 
France, research professor of bacteriology, commis. 
sioned captain on July 27, now serving at Fort Meade, 
Md.; Dr. Ernest M. Parrott, instructor in chemistry, 
commissioned first lieutenant on September 1, now 
serving at Camp Devens, Mass.; Dr. Arthur S. Levine, 
assistant professor of food technology, commissioned 
first lieutenant on September 2, now serving at Fort 
Sam Houston, San Antonio, Texas; Dr. Monroe FE. 
Freeman, research professor of chemistry, commis- 
sioned first lieutenant on October 10, now serving at 
Charleston, N. C.; and Dr. Dale H. Sieling, research 
professor of chemistry, commissioned first lieutenant 
on October 17, now serving at New Orleans. 


Tue thirty-fifth annual meeting of the American 
Society of Animal Production will be held on Decem- 
ber 1 and 2 at the Hotel Sherman in Chicago. 


THE annual fall meeting of the Industrial Minerals 
Division of the American Institute of Mining and 
Metallurgical Engineering was held in Bethlehem, Pa., 
under the presidency of Dr. Benjamin Miller, profes- 
sor of geology at Lehigh University, with an attend- 
ance of one hundred and seventy-eight. 


“THE Utilization of Scientifie Apparatus in the 
War Effort” will be the subject of a diseussion to be 
held by the New York branch of the American Asso- 
ciation of Scientific Workers at the Men’s Faculty 
Club of Columbia University on November 18, at 
8:15 p.m. Dr. Joseph Greenspan, chairman of the 
committee on the “lend-lease” of scientifie apparatus, 
will be the main speaker and will report the results 
of a questionnaire on this subject sent to local labora- 
tories and manufacturers of scientific apparatus. 


THE British Institute of Physies held a discussion 
on the “Education and Training of Physicists” at the 
Royal Institution on October 12. The discussion was 
based on the memorandum on the subject prepared by 
the planning committee of the institute. 
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Tue Association of Special Libraries and Informa- 
ion Bureaux has arranged a conference to be held 
on November 7 and 8 in the rooms of the Royal So- 
dety. The preliminary program, according to Nature, 
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includes an address by Sir Richard Gregory on “Inter- 
national Systems and Standards,” a symposium on 
the use of microfilm and papers on library training 
and on war-time books and periodicals. 


DISCUSSION 


RECENT EVIDENCE REGARDING THE 
NATURE OF VIRUSES 

Since Stanley! discovered that highly purified to- 
bacco mosaic virus may be obtained in a crystal-like 
state most workers have apparently believed that the 
particles of certain viruses are protein macromole- 
cules that may multiply in their hosts by a process 
of autocatalysis. Bawden and Pirie? provided fur- 
ther evidence for this interpretation when they dis- 
covered that tomato bushy stunt virus particles com- 
posed of nucleoprotein may come together to form 
strikingly symmetrical bodies which certainly have the 
appearance of true crystals. 

Although many workers have apparently accepted 
this interpretation, others** have questioned it and 
have considered it more probable that the virus par- 
tiles are organisms, each composed of numerous 
molecules, that multiplication oceurs by growth, fol- 
lowed by division and that these small organisms may 
exhibit electrical phenomena similar to those of mole- 
cules which eause them to aggregate in an orderly 
arrangement to form erystal-like structures. Further 
evidence favoring this interpretation was provided by 
Kunkel,> who reported that he was able to culture 
certain filterable organisms and that these organisms 
produce birefringent colonies that resemble spheroid 
crystals. 

As Lauffer® and Frampton’ have indicated, one 
would expect that if each virus particle were a macro- 
molecule, all the particles of a given virus should have 
the same size and form. The electron micrographs*® 
of viruses having spheroidal particles, although not as 
clear as desired, have indicated a certain amount of 
uniformity in the size and form of the particles of a 
given virus. However, viruses having rod-shaped par- 
ticles, although showing a marked uniformity in width, 
have shown great variation in length.*-® Frampton’ 
has reported measurements of the length of the to- 
bacco mosaie virus particles shown in the electron 
micrographs of Stanley and Anderson® and Anderson 


1 Am. Jour. Bot., 24: 59, 1937. 

? Brit. Jour. Exp. Path., 19: 251, 1938. 
eon E. Rawlins and W. N. Takahashi, ScieNcE, 87: 255, 

‘R. A. Gortner, ScrENCE, 87: 529, 1938. 

SCIENCE, 91: 422, 1940. 

6 Report New Eng. Assoc. Chem. Teachers, 4, 1941. 

"ScrENcE, 95: 232, 1942. 

’W. M. Stanley and T. F. Anderson, Jour. Biol. Chem., 
139: 325, 1941, 

°F. 0. Holmes, Phytopath., 31: 1089, 1941. 


and Stanley.1° He implied that the lengths show 
sufficient regularity to indicate that the virus par- 
ticles may be composed of units 37 mp long, joined 
end to end. We can not agree with this interpreta- 
tion of the results. It appears to us that his mea- 
surements do not show sufficient regularity to warrant 
this interpretation. We have accordingly also made 
measurements of the length of the tobacco mosaic 
particles in Figs. 1 and 2 of Anderson and Stanley*® 
and Figs. 3, 4, 5 and 6 of Stanley and Anderson.*® 
The results were treated statistically’? as follows: 
It was assumed that the virus particles have a length 
of K 35, where K =1, 2, 3, 4, ete., and that the mea- 
surements would be normally distributed about these 
expected values with variance o determined to be 8 mu. 
The unit 35 mp was chosen because it is a factor of 
280 mp, which has been reported® as the most common 
length of the tobacco mosaic particle and because it is 
close to the value 37 mp suggested by Frampton as a 
unit. o is the average of the best unbiased estimates 
of the o of the measurements. Each particle was 
measured 3 times and only clearly defined particles 
were measured. Small particles resembling those of 
amorphous material were not measured because we 
could not be sure that they were virus particles. 


The observed measurements were then compared . 


with the theoretical distribution by means of a chi- 
square test. From this comparison it may be con- 
cluded that if the theoretical distribution is proper 
the chance of obtaining the observed values is less 
than 1 in 1,000 and that there is, therefore, no sig- 
nificant evidence of tobacco-mosaie virus particles be- 
ing composed of visible uniform units around 35 mp 
long. 

A frequency curve of these length measurements is 
shown in Fig. 1. It is also evident from visual in- 
spection as well as statistical treatment of the curve 
that there is little evidence of the larger particles be- 
ing composed of shorter visible uniform units joined 
end to end. If the particles were composed of units 
37 mp long one would expect peaks at 111, 148, 185, 
222, 259, 296, ete. Although some of the peaks occur 
near some of these points, this does not occur with 
sufficient regularity to be significant. 


10 Jour. Biol. Chem., 139: 339, 1941. 

11 We greatly appreciate the advice of Mr. Mark W. 
Eudey, of the Statistical Laboratory, regarding the sta- 
tistical work and the help of Miss Barbara M. Kennedy, 
who has done much of the work reported. 
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Fig. 1. Length distribution curve for tobacco mosaic 


virus particles. 


The lengths of the particles of rib-grass strain of 
tobacco mosaic virus were measured on the electron 
micrograph shown in Fig. 2 of Holmes. We have 
prepared a frequency curve of these lengths which is 
shown in Fig. 2. 


ARTICLES 


NO. OF P, 


50100 150 200 250 300 400 
LENGTH IN MILLIMICRONS 
Fig. 2. Length distribution curve for particles of rib- 


grass strain of tobacco mosaic virus. 


If one assumes that the particles of these two rod- 
shaped viruses are molecules and that the most com- 
mon length is the most probable value for the molecu- 
lar length it is evident that in each of the two rod- 
shaped viruses there are numerous particles too much 
longer and shorter than this molecular length for the 
difference to be due to error in measurement. It is 
also evident that the longer particles are not composed 
of 2 or more molecules of the most frequent length 
joined end to end. 

The fact that virus particles of a given rod-shaped 
virus have various lengths and that the longer lengths 
do not appear to be multiples of the most character- 
istic length appears to indicate that they are not 
molecules. 

There are several respects in which the micrographs 
of virus particles resemble those of bacteria. The 
particles of a rod-shaped virus, like many rod-shaped 
bacteria, are very uniform in width but vary greatly 
in length. The particles of a spherical virus, like most 
spherical bacteria, apparently have a relatively uni- 
form diameter. 

T. E. 

DIVISION OF PLANT PATHOLOGY, 

UNIVERSITY OF CALIFORNIA, BERKELEY 
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ENZYME ACTION 


THE very interesting investigation of H. C. Eystey: 
having for its purpose the explanation of the effec 
of narcotics on the luminous bacteria revives a prob. 
lem which has been extensively discussed in the phar. 
macological literature. The displacement of adsorbeg 
material from charcoal particles by narcotics was 
thoroughly studied by Warburg,? who demonstrate, 
in several instances the adsorption of narcotics anq 
consequent blanketing of active surfaces. Several at. 
tempts have also been made to explain the action of 
narcotics upon ferment action by the adsorption. 
theory of Traube and Warburg.” 

The application of the results of these model-ex. 
periments on the narcosis of the living cells then. 
selves meets, however, several difficulties. It is, for 
instance, demonstrated that narcotics which retard the 
action of the isolated diastatic ferment are markedly 
increasing the diastatie activity of the liver cells; 


We doubt, therefore, whether by the experiments J 
described by Mr. Eyster, the mechanism of the nar. § 


cosis of the luminous bacteria can be satisfactorily 
explained. 
E. Geiger 
VANCAMP LABORATORIES, 
TERMINAL ISLAND, CALIF. 


TRANSPARENT CALCIUM INCRUSTATION 
OVER ROCK PAINTINGS 


EnouGu has been written about American cave and 
rock shelter paintings to indicate that the different 
types of paintings were done throughout a long period 
of time, and some were made up to so late as the 
historie period. 

In a site in Stephens County, Texas, situated ten 
miles northeast of Moran there is a rock shelter con- 
taining thirteen prehistoric paintings which show sev- 
eral unusual features. Four pictures are small, three 
are of problematical objects and one of a small human 
figure unlike the large ones. These four perhaps may 
have been made later than the large figures. The 
pictures of unusual interest are nine large red human 
figures. Several of these are three feet or more tall 
The tallest is three feet and five inches. 

Five paintings show the phallus and are of very 
flat-headed nude figures. Four are skirted figure 
with relatively more narrow heads. One of the 
skirted figures has the arms in position as though 
whirling in a dance. One of the male figures shows 


1 SCIENCE, 96: 2484, 141, 1942. 
2 . G. Clark, ‘‘General Pharmacology,’’ page 59. Ber 
in, 1937. 

3 Lesser and Zipf, Biochem. Zeits., 140, page 435, 1923; 
E. Geiger, Proceedings 15th International Congress 
Physiology, Moscow. 
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tvo horns on his exceptionally broad flat head and 
one of the skirted figures has three feathers across the 


“top of the head. All the figures are standing except 


one male which is lying horizontally. 

Two nude figures, each one showing a large phallus, 
and two long slender skirted female figures were cov- 
ered with a thick coating of transparent staligmitic 
deposit. 

The four figures covered. with staligmitic deposit 
were about the middle of the row where it seemed the 
mineral had flowed down across them from above. 
The usual thickness of the mineral deposit was about 
that of a table knife. 

The writer has visited the spot twice and there was 
then no evidence of water or dampness on the wall. 
There is no spring flow nor seep there now. The 
ledge is high up near the top of a dry limestone ridge 
and the area above the ledge is so small that there 
would not be any dripping over of water except for 
brief periods during or immediately following rains. 
The carbonate of lime deposit is so thick over one of 
the paintings that it can not be copied, although it 
seems to be that of a long-skirted figure. 

The various female figures are represented as in 
motion. One skirted figure is carrying a long-handled 
racquet-like object high above the head in the right 
hand. Another skirted figure shows the arms extended 
and a ball in the air beneath the left one. 

All the nine large figures show an extreme flatness 


| of the vertex, and in the males the head is excep- 


tionally flat and broad across the top. One which 
shows the ears indicates very little skull above them. 

When one considers the unusual artistic merit of 
the drawings he ean not believe that this repeated 
depiction of exceptional vertical flatness is either 
accidental or coincidental. It might be a true pre- 
historie artist’s conception of some long extinct type 
of Texas inhabitants whose skulls were exceptionally 
flat. 

Cyrus N. Ray 
ABILENE, TEXAS 
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SOME EARLY AMERICAN MUSEUMS 


Tue extremely interesting article in Science for 
September 18 by Dr. Simpson about the oldest 
natural history museum in America deserves addi- 
tional comment. While the present writer accepts all 
Dr. Simpson’s conclusions as to what may be the 
oldest museum now in existence on this continent, he 
feels constrained to point out that neither Philadel- 
phia nor Charleston can claim the first public museum 
to be established in America, for that honor belongs 
to Matape in Sonora, where Father Eusebio Fran- 
cisco Kino established a museum of natural history 
as early as 1681, nearly a century before the two 
cities mentioned by Dr. Simpson. The story has been 


told by Dr. Herbert E. Bolton in “Rim of Christen- | 


dom.” 


In this connection it is appropriate to recall an- 


other early museum—that opened in 1791 by José 
Longinos Martinez in Mexico City. The influence of 
this all but forgotten pioneer has recently been recog- 
nized by the dedication of a bronze plaque to com- 
memorate the sesquicentennial anniversary of his 
arrival in San Diego. Incidentally there is very little 
known about this early scientific explorer other than 
that he was an associate of Martin Sesse y Lacosta. 
If any of the readers of this letter should happen to 
have any further information about him, the writer 
would appreciate a communication. 

Finally, although “it has nothing to do with the 
matter under discussion, I would like to submit a 
comment on the censorship to which Scrence has 
been subjected. To the editorial from The New York 


Times quoted on pp. 274-5 I would like to offer an 


unqualified Amen. Both the pacifist and the con- 
scientious non-pacifist can agree that whatever indi- 
vidual opinions they may hold toward the institution 
of war, the withholding of information that might 
lead to the alleviation of human suffering is contrary 
to the principles of Christian philosophy. 

JosHua L. Batny, JR. 
SAN CALir. 


SCIENTIFIC BOOKS 


ELECTRICAL TERMS 
American Standard Definitions of Electrical Terms. 

Sponsored by The: American Institute of Electrical 

Engineers. 311 pp. New York: Published by the 

American Institute of Electrical Engineers. 

Tus book, which carries the approval of the Ameri- 
can Standards Association and of the Canadian Engi- 
heering Standards Association, and which is also 
sponsored by the American Institute of Electrical 
Engineers, should prove a very valuable volume to a 
large group of physicists and engineers. In addition 


to fulfilling the purpose which its title indicates, it 
carries in some cases in condensed form quite a little 
experimental material. In fact, one who is a little 
rusty on matters in vector analysis, potential theory, 
damped oscillations, ete., might reestablish much of 
his mental equipment by reading the first portions of 
the book. 

If one should wish to be controversial, there are few 
domains providing a wider field for his acrimonious 
activities than one having to do with definitions. 
Hence there will doubtless be some differences of 
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opinion among physicists and engineers as to the order 
or importance of the definitions of some of the physi- 

eal quantities, particularly those having to do with 
electric and magnetic fields. 

Those among the purest of mathematicians who fear 
too much contamination with the world of matter will 
probably shudder at the statement on page 16 to the 
effect that over a given range a function of x may 
always be represented by a curve with the slope as 
its derivative. However, such matters are mentioned, 
not as criticisms, but to clear the conscience of the 
reviewer. In the same category are such statements 
as the definition of matter, on page 26, as a physical 
entity which possesses mass. Personally, this reviewer 
is happy with the thought, even though the entity 
concerned is a quantum of radiation. However, some 
might question the definition if they were looking for 
trouble. Perhaps the definition coming nearest to the 
realm of inviting valid criticism is that of kinetic 
energy, which is defined as mv*/2, where m is the 
mass and v the velocity. Even in the domain of elec- 
trical engineering, when approaching such modern 
appliances as are involved in cyclotrons, ete., and even 
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in some problems of thermionies, one has to recognizp 
the relativistic significance of kinetic energy. 

Again referring to the matter of definitions, on. 
who read the book without already having establisheg 
in his mind a consistency of order in the matter of 
definitions might become confused when, on page 30, 
he reads that “an electric current through a surface 
is the time rate at which positive or negative electricity 
passes through the surface” and finds that, up to this 
point, he has had no definition of a quantity of ele. 
tricity in the numerical sense. However, the book jg 
intended primarily for those who have stabilized theiy 
thoughts on these matters, and for such it is an invaly. 
able work, both as regards its scope and presentation, 

The book carries a very copious index of some fifty 
or more pages, which adds materially to its value, 
Those responsible for the preparation of this work 
deserve the greatest commendation and the gratitude 
of all students of electrical science. 


W. F. G. Swany 
BARTOL RESEARCH FOUNDATION OF 
THE FRANKLIN INSTITUTE, 
SWARTHMORE, Pa. 


SPECIAL ARTICLES 


ANTIBACTERIAL PROPERTIES OF PROTA- 
MINE AND HISTONE 

It is known that antibacterial compounds such as 
gramicidin and anionic detergents attack with almost 
complete selectivity only Gram-positive micro-organ- 
isms.’ 23 It has been demonstrated that the activity 
of these compounds is inhibited by phospholipids.* 
The possibility has been suggested that the inability 
of gramicidin and anionie detergents to inhibit most 
Gram-negative bacteria may be caused by the phos- 
pholipids of these organisms.’ ** On this basis, it 
seemed possible that compounds such as protamine 
sulfate which are known to precipitate cephalin® 
might cause Gram-negative micro-organisms to be- 
come susceptible to these selective inhibitors. In test- 
ing this hypothesis we found that (a) certain selective 
inhibitors in the presence of protamine became active 
toward the Gram-negative organism Escherichia coli, 
and (b) the basic proteins protamine and histone 
themselves possess anti-bacterial properties. 

Despite the extensive literature on protamines, their 
antibacterial properties appear to have been largely 
overlooked except for the isolated observation of Me- 


ite, J. Dubos and R. D. Hotchkiss, Trans. and Studies 
Coll. Phys. Philadelphia, 10: 11, 1942. 

2Z. Baker, R. W. Harrison and B. F. Miller, Jour. Exp. 
Med., 73: 249, 1941. 

3 [bid., 74: 611, 1941. 

4 Ibid., 74: 621, 1941. 
Chargaff and M. Zitt, Jour. Biol, Chem., 181: 26, 
939. 


Clean® that protamine inhibited the growth of Lber- 
thella typhosa. This investigator also found that both 
protamine and histone inhibited the growth of vae- 
cinia virus;’ and Reiner, deBeer and Green recently 
showed that the respiration of Trypanosoma equi- 
perdum was partially inhibited by these compounds: 

In our experiments, metabolic effects were measured 
in Warburg respirometers as previously described. 
Each vessel contained from 5 to 15 billion organisms 
suspended in 3.0 ml of 0.038M phosphate buffer con- 
taining 0.02M glucose. Bactericidal power was deter- 
mined by the F. D. A. phenol coefficient technique 
with the following modifications: (a) washed cells 
were employed, and were exposed to the test com- 
pounds for 5-, 15- and 45-minute periods, and (b) 
all tests were performed at 37° C. For the exper 
ments with protamine several samples of salmine sil- 
fate obtained from Dr. George A. Harrop, of E. 2. 
Squibb and Sons, were used. The histone was pre 
pared from fresh calf thymus by the method of Felii 
and Harteneck.® 


SENSITIZATION OF GRAM-NEGATIVE MIcRO- 
ORGANISMS 


i either Tergitol-7, a typical anionie detergent, 00° 
6 


Be oa Jour. Path. and Bact., 34: 459, 1931. 
Tbid., 33: 1045, 1930. 

SL. Reiner, E. J. deBeer and M. Green, Proc. Soc. Ex): 
Biol. and Med., 50: 70, 1942. 

9K. Felix and A. Harteneck, Z. physiol. Chem., 157: 
76, 1926, 
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tyrothriein* nor the selective antibacterial compound 
if Hoogerheide*® had any effect on the respiration 
of £. coli. Protamine sulfate had an inhibitory ac- 
‘jon which could be minimized by performing the ex- 
periments at or below pH 7.0. However, when pro- 
amine was mixed with either Tergitol-7, tyrothricin 
or Hoogerheide’s compound, the mixture inhibited 
respiration completely within 5 minutes. A typical 
axperiment is shown in Fig. 1. No such potentiation 
of action could be demonstrated with non-selective in- 
hibitors such as merthiolate or phenol. 
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Fig, 1. Effeet of Protamine and Tyrothricin on Res- 
piration of E. coli. T. 38° C. Atmosphere, air. pH 
53, 5x 10° cells per vessel. I, Control Respiration. II. 
Tyrothricin (1: 15,000). III. Protamine (1: 3,000). IV. 
Mixture of Tyrothricin (1:15,000) and Protamine (1: 
B,000). 


Mixtures of protamine and tyrothricin, or prota- 
nine and Tergitol-7, were bactericidal toward E. coli 
it pH 5.3 even though considerably higher concentra- 
tions of the individual compounds were inactive. 


Errect oF PROTAMINE OR HisTONE ALONE 


Salmine sulfate exerts a powerful inhibitory action 
on the respiration or anaerobie metabolism of a num- 


er of species. Gram-negative micro-organisms: E. 


phosa was completely inhibited at a 1: 38,000 dilu- 


J. ©. Hoogerheide, Jour. Franklin Inst., 229: 677, 
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tion of the protamine, pH 8.1; and Shigella para- 
dysenteriae at 1: 28,000, pH 7.0. E. coli was some- 
what more resistant, requiring a 1: 9,000 concentra- 
tion for complete inhibition at pH 8.1; Neisseria 
catarrhalis was slightly less sensitive, and Proteus 
vulgaris was completely resistant. Anaerobic spe- 
cies: Clostridium perfringens (welchii), Clostridium 
tetanit and Clostridium histolyticum were extremely 
sensitive to protamine, e.g., 1: 24,000 protamine com- 
pletely inhibited anaerobic glucolysis by the Welch 
bacillus. Gram-positive aerobes: Of the members of 
this group tested, Bacillus subtilis was inhibited com- 
pletely at a 1: 15,000 protamine concentration; Staph- 
ylococcus albus, completely at 1:3,000; and Staph- 
ylococcus aureus, partially at 1: 3,000, pH 8.1. 

Thymus histone also inhibited respiration of bac- 
teria, but differed from salmine in that it had its 
optimum activity at an acid pH, whereas the prota- 
mine was most active at an alkaline pH, e.g., 8.1. At 
its optimum pH, the activity of the thymus histone 
compared favorably with the optimal inhibitions ob- 
tained with salmine. 

The bactericidal activity of protamine appears to 


parallel the effects on metabolism. Salmine sulfate | 


was much more bactericidal at pH 8 to 9 than at pH 
7, and was inactive at pH 5. Certain strains of EZ. 
typhosa were killed in 5 minutes at pH 8 by a 1: 32,- 


000 dilution of protamine. Z. coli, Group A strepto- - 


cocci and Type 1 pneumococei were also killed at 
relatively high dilutions of protamine, although a 
longer time was required. Salmine sulfate was bac- 
teriostatic toward the Welch bacillus at a dilution of 
1: 12,000, and S. awreus at 1: 20,000. Against Pro- 
teus vulgaris, the only other organism tested, prota- 
mine had neither bactericidal nor bacteriostatic power. 
In contrast to these results, thymus histone did not 
show any bactericidal or bacteriostatic activity, even 
at the optimum pH for its inhibition of metabolism. 

It was noted that certain strains of FH. typhosa and 
E. coli became completely resistant to the bactericidal 
action of the protamine.t! None of the strains showed 
any variation in their resistance toward phenol. 

The presence of serum, blood or broth caused a con- 
siderable reduction in the antibacterial effects of both 
the protamine and histone. 


Discussion 


These results suggest certain new possibilities in the 


development of antibacterial compounds. (1) It is 
possible to “sensitize” Gram-negative micro-organisms 
by means of a protamine to compounds which ordi- 
narily act only on Gram-positive species. Further 

11JIn the case of E. coli the increase in resistance to 
protamine seemed to be coincident with a change from 


smooth to rough forms. No such correlation could be 
made with E. typhosa. 
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extensions of this approach may be possible since our 
preliminary experiments with basic dyes such as 
methylene blue and acriflavin indicate that these dye- 
stuffs potentiate the action of tyrothricin and the 
anionic detergent, Tergitol-7, in the same way as does 
the protamine. (2) The similarity in chemical struc- 
ture of protamine, histone, tyrothricin and the germi- 
cidal protein from wheat}? strengthens the suggestion 
made by Dubos and Hotchkiss! that certain relatively 
simple polypeptide configurations may serve as the 
basis for a large group of antibacterial compounds. 
Since protamines from different species of fish vary 
considerably in chemical composition, it should be 
desirable to investigate the antibacterial effects of a 
number of protamines. The antibacterial properties 
of partial hydrolysis products of the protamines and 
histones, as well as of similar synthetic polypeptides, 
merit further study. 

Chemotherapeutic applications of protamine or his- 
tone are probably greatly limited by the relatively 
high toxicity of these compounds when administered 
intravenously or intraperitoneally.*: 1% Our prelimi- 
nary tests confirm the results in the literature, but 
indicate that these compounds have no apparent 
toxicity for such a tissue as the rabbit eye. 


BENJAMIN MILLER 
RicHarp ABRAMS 
ALBERT DoRFMAN 
Morton 
DEPARTMENT OF MEDICINE and W. G. 
ZOLLER MEMORIAL DENTAL CLINIC, 
UNIVERSITY OF CHICAGO 


THE EFFECT OF VITAMIN E ON THE BLOOD 
PLASMA LIPIDS OF THE CHICK! 

IN a previous communication? Dam and Glavind 
have drawn attention to the fact that the two lipo- 
tropic substances, lipocaic and inositol, ean to a con- 
siderable degree protect against the exudative dia- 
thesis in vitamin E deficient chicks, whereas addition 
of cholesterol to the vitamin E deficient diet acceler- 
ates and aggravates the symptom. 

We have now made a study of the fasting level of 
the lipids in the blood plasma of chicks living on 
vitamin E deficient diets with or without the addi- 
tion of lipocaie or vitamin E. This study has shown 
that vitamin E exerts an effect on the plasma lipids 
similar to that of lipocaic and that the ingestion of 
cholesterol acts in the opposite direction. 

The observed effect of adding vitamin E or lipocaic 


12 A, K. Balls, W. S. Hale and T. H. Harris, Cereal 


Chem., 19: 279, 1942 : 
y 13 W. B. Shelley, M. P. Hodgkins and M. B. Visscher, 
Proc. Soc. Exp. Biol. and Med., 50: 300, 1942. 

1 Aided by a grant from the Josiah Macy, Js., Founda- 
tion. 

2H. Dam and J. Glavind, Science, 96: 235, 1942. 
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to the vitamin E deficient diet consists in an ineregs, 
of the average ratio of the phospholipids to the othe 
lipid fractions (total lipids, cholesterol or fatty acids) 
of about 20 to 40 per cent., whereas addition ¢ 
cholesterol to the diet lowers this ratio without jy. 
creasing the absolute cholesterol content of the plasna, 
The values for the individual chicks within a group 
of 5 chicks receiving the same diet show considerabj, 
variation so that it is not possible to predict fron , 
simple determination of the plasma lipids of oy, 
single chick whether the animal belongs to the pro- 
tected group or not. This is, however, not astonix. 
ing when attention is paid to the great individyy| 
variation of the lipid values in humans which render 
it impossible, for instance, to diagnose pregnancy 
from a plasma cholestero] determination even if ther 
is a definite hypercholesterolemia during pregnancy, 

Since any effect on the blood plasma lipids must lp 
a consequence of changes in the metabolism of the 
lipids in tissue, our observations suggest that vitamin 
E has a lipotropie effect similar to that of lipocaie, 


Further investigation of this problem must determine] 


whether direct evidence for such an effect of vitamin 
E on tissue lipids can be found and whether a pur. 
ticular fraction of the phospholipids is involved. 

Whereas a sufficient dose of vitamin E gives con- 
plete protection against exudates, lipoeaic does not 
seem to give absolute protection but merely bring 
down the incidence of the symptom from 80 to 1l) 
per cent. in the group receiving the basal diet to 1) 
to 20 per cent. in the lipocaie group. This seems t0 
indicate that the effect of vitamin E is of a more fur- 
damental nature than that of lipocaie and is not con 
fined to the lipotropie effect alone—or that lipocaie 
probably remedies only one of the consequences of 
the lack of vitamin E. 

Since vitamin E and lipoecaic* apparently can bring 
about the same change of the blood plasma lipids 
it is likely that the vitamin E deficient chick is lack 
ing in the active principle of lipocaic, which wouli 
mean that the formation of this substance in the boty 
of the chick depends upon the presence of vitamin ! 


in the diet. This question should be elucidated by} 


further experiments. 
Henrik Dam 
Epw. M. 


ScHOOL oF MEDICINE, 
UNIVERSITY OF ROCHESTER 


VITAMIN C CONTENT OF PERSIMMON 
LEAVES AND FRUITS 


PERSIMMON leaves have been found to give ex¢¢?’ 


3 We are indebted to Hoffman LaRoche, Inc., Nutle; 
New Jersey, for supply of synthetic vitamin E (Ephy™ 
acetate) and to Dr. L. R. Dragstedt, University of “t 
cago, and the Lilly Research Laboratories, Indianap5 
Indiana, for lipocaic. 
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‘ionally high values in content of vitamin C when the 


latter Was estimated by the method of Tillmans! and 


as perfected by others.” 4,5 
Leaves of trees found in the wild run cone high 
in vitamin C as those from trees of named varieties. 


TABLE 1 

Milligrams of Vita- Milligrams of Vita- 
min C per kilo- min C per kilo- 
gram of leaves gram of fruit 

Variety Leaves recently 
ussler ru ru 

leaves oven 

farly Golden. 32,500 40,700 3,000 1,050 

Silkeline ... 20,300 3,800 950 

lucinda .... 22,700 

Miller ..2.+- 26,900 28,500 2,500 

RRS 30,600 40,900 3,700 

32,800 38,000 2'100 

Wild .scccee 25,000 41,500 2,500 

eer . 27,100 25,500 


The fresh leaves seem to have about ten times the 
vitamin C concentration of the fruit. Leaves picked 
and held in the dried condition since October 9, 1940, 
till retained about one tenth of the original titratable 
material. 
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A tea made from green leaves was very acceptable, 
after the addition of a little sugar, as was also that 
made from leaves dried in a Bussler oven at 140° F. 
for 18 hours, with the fan on the entire time. In 
drying the leaves lost 58 per cent. of their weight and 
were quite brittle when removed from the oven. 

The tea was made in the orthodox way by steeping 
the finely divided leaves in a cheese-cloth bag or ball 
for five minutes in water, after the latter had been 
brought to a boil. The flavor of the tea was similar 
to sassafras tea, and in color and general appearance 
it was much like a light-colored tea from tea leaves. 
About 60 per cent. of the titratable material in the 
original dried persimmon leaf was in the tea. There 
was about one third as much titratable material in the 
tea from green leaves as that from dried leaves. The 
titratable material in tea from tea leaves was about 


one per cent. of that in tea from the same weight of — 


dried persimmon leaves. 


C. G. Vinson 
UNIVERSITY OF MISSOURI 
F. B. Cross 


OKLAHOMA A. AND M. COLLEGE 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A SEROLOGICALLY ACTIVE POLYSACCHA- 
RIDE FROM TRICHINELLA SPIRALIS 


A POLYSACCHARIDE, which gives immunologically 
specific reactions when tested on Trichinella-infected 
rabbits has been obtained in a reasonably pure chemi- 
cal condition. The methods used were similar to those 
employed for the studies of polysaccharides from 
Ascaris! and other parasitic helminths.?* 

The worms were liberated from the host tissue 
(hog) by peptic digestion of the infected muscle and 
washed with sterile saline until free of debris. The 
cleaned material was then rapidly frozen in a dry- 
ice bath and lyophiled. The dehydrated material was 
finely ground and suspended in 20 volumes of pH 8.0 
buffer, placed in a boiling water bath and stirred 
vigorously with a mechanical stirrer. After 30 min- 
utes the mixture was removed, cooled and centrifuged. 
The residue was washed once and the solution added 


alt Tillmans and P. Hirsch, Biochem. Zeits., 250: 312, 


i874 A. Bessey and ©. G. King, Jour. Biol. Chem., 103: 
687, 1933. 

HL, Dick, Dissertation, Frankfurt, 1932. 

‘C. H. Knight, R. A. Dutcher and N. B. Guerrant, 

SclENcE, 89: 183, 1939. 

Thornton, Contrib. Boyce Thompson Inst., 9: 
1D. H. Cam pbell, Jour. Infect. Dis., 59: 266, 1936. 
2Ibid., 65: 12, 1939. 

3 Ibid., Jour. Parasitol., 23: 348, 1937. 


to the original extract. The polysaccharide along with 
other soluble worm materials was then precipitated 
by the addition of 5 volumes of chilled 95 per cent. 
ethanol. In order to facilitate precipitation enough 
NaCl was added to give a concentration of approxi- 
mately 0.5 per cent. before the addition of ethanol. 
After 4 hours at 4° C. a white gummy precipitate 
formed which was removed by centrifugation and 
carefully resuspended in approximately 20 volumes 
of pH 4.6 acetate buffer. The material which failed 
to redissolve was removed and discarded and the 
solution, which contained mostly polysaccharide, ad- 
justed to pH 8.0 by the addition of 1.0 N sodium 
carbonate solution. The polysaccharide was again 
precipitated by the addition of sodium chloride solu- 
tion and 2 volumes of 95 per cent. ethanol. Repre- 
cipitation at pH 8.0 and redissolving at pH 4.6 was 
repeated until a preparation was obtained which 
failed to give the usual tests for protein and was com- 
pletely soluble at pH 4.6 after aleohol precipitation. 
Five to eight treatments were required to obtain such 
a product. The polysaccharide was finally precipi- 
tated with ethanol and dried with several changes of 
absolute ethanol and ether. Approximately 0.3 gram 
of polysaccharide was obtained from 3.0 grams of 
whole worm material. 

The resulting product was a fine white powder 
which readily dissolved in water giving an opalescent 


| | | 

Tease 
other 
icids) 
It in. | 
asing, 
Table | 
om 
One 
pro- 
Nish- 
there 
st be 
the 
amin | 
unin 
par. 
| 
not | 
‘Ings 
is 
fun- 
col: | 
cal 
sof 
vids, 
ack- 
ody 
| 
| 
Shi 


432 SCIENCE 


solution in low dilutions and failed to diffuse through 
Cellophane membranes. It gave a Molisch reaction in 
extremely high dilutions but no protein tests in rela- 
tively high concentrations. Test for nitrogen by 
Nessler’s method on a 10 mgm sample was negative. 
No reducing property was observed before acid 
hydrolysis but rapidly appeared on treatment with 
1.0 N HCl solution. Its precipitating and skin re- 
active properties were not affected by autoclaving for 
15 minutes at 15 pounds pressure at pH 7.0. 

Serological studies indicated that the polysaccha- 
ride was a good precipitating antigen. It gave typical 
polysaccharide plaque-like precipitates in dilutions 
of 1: 200,000 when tested against sera from infected 
rabbits. Cross precipitin reactions did not occur with 
antisera against other roundworms such as Ascaris 
suum, Nippostrongylus muris or the larval tapeworm, 
Cysticercus taeniaeformis. Specificity studies with 
respect to the more closely allied forms such as 
-Trichuris are being made at present. Although posi- 
tive skin reactions were obtained in infected rabbits, 
the preliminary studies indicate that approximately 
0.1 to 1.0 mgm of material is required to give a good 
reaction. 

Leo R. MELCHER 


Dan H. CAMPBELL 
DEPARTMENT OF BACTERIOLOGY AND 
PARASITOLOGY, UNIVERSITY OF CHICAGO 


A SPORULATION STOCK MEDIUM FOR 
YEASTS AND OTHER FUNGI 

Most yeasts do not sporulate freely on the com- 
monly used stock media such as wort-agar or grape 
juice agar. Carrot, beet, cucumber and potato wedges, 
gypsum blocks, Gorodkowa slants and other media 
are used to induce ascospore formation. Many yeasts 
sporulate on carrot wedges, but some do so only on one 
of the other media indicated above. During the past 
eight months it has been observed that agar slants 
made from a water extract of carrots, beets, cucumbers 
and potatoes will induce sporulation and at the same 
time serve as an excellent stock culture medium. The 
medium is prepared by grinding equal weights of 
washed, but unpeeled carrots, beets, cucumbers and 
potatoes and then mixing with a quantity of water 
equal to the total weight of the vegetables used. The 
_ mixture is autoclaved at 10 pounds pressure for 10 
minutes, after which the extract is separated from the 
solid materiai by use of cheese-cloth and pressure. 
The pH value of the extract is approximately 5.7 and 
the Balling degree about 4. Two per cent. of agar 
is added to the extract and slants are prepared. The 
sterilization recommended is 15 pounds for 15 minutes. 

Good sporulation has been obtained on this medium 
within 7 days or less with several hundred yeast cul- 
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tures representing species of Schizosaccharomyces 
Endomycopsis, Saccharomyces, Zygosaccharomyces 
Pichia, Zygopichia, Hansenula, Zygohansenula, Dp. 
baryomyces, Schwanniomyces, Saccharomycodes, Han. 
seniaspora, Nadsonia and Nemataspora. By vin 
vegetable agar Roberts! has been able to confirm gone 
of the observations made by Windisch? concerning the 
sporulation of Torulopsis pulcherrima, the type species 
of a non-sporulating genus. Vegetable agar contains 
no added nutrients. Sufficient carbohydrates, nitro. 
genous substances, minerals and accessory factors are 
present, however, to support an excellent growth and 
good sporulation. When used as a stock culture 
medium, it offers the advantage of always having 
available sporulating yeasts. It is reasonable to he. 
lieve that the use of vegetable agar for stock cultures 
should retard or eliminate the loss of sporulating 
ability which occurs commonly when yeasts are held in 
culture for long periods of time. 


A limited number of trials indicate that other fungi J 
also grow well on this medium and some show a strong J 


tendency toward increased conidium production. 


EK. M. Mrax 
H. J. Puarr 
H. C. Dove.as 
UNIVERSITY OF CALIFORNIA, 
BERKELEY, CALIF. 
1 Roberts, Phytopath. (Abs. in press). 
2 Windisch, Archiv. f. Mikrobiol., 9: 551, 1938; ibid, 
11: 368, 1940. 
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